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HIV Infection Leads to a State of
Generalized Immune Activation

Increased T cell
turnover (production
’ and destruction)

HIV

Increased activation-
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cells
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The Impact of ART on HIV-
Associated Immune Activation

Decreased T cell
turnover

Expansion of the

— 7 CD4* T cell pool

An immediate reversal

Activation \ in activation-induced
immunodeficiency

— Spontaneous resolution of
opportunistic illnesses

— Immune reactivation
syndromes




Changes in CD4* T Cell Production Following
Initiation of Antiretroviral Therapy
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Impact of Antigen and HIV Infection on the
CD4* T Cell Pool
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Impact of Viral Replication and Viremia
on Lymphocyte Subsets in HIV-Infected
Individuals
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Impact of Viral Replication and Viremia
on Lymphocyte Subsets in HIV-Infected
Individuals
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Viral Relapse Following Discontinuation
of ART
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Importance of Viremia in Replenishment of

the HIV Latent Reservoir
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Effect of mterleukm 2 on the
pool of latently infected, resting
CD4+ T cells in HIV-1-infected
patients receiving highly active
anti-retroviral therapy
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Answers to the atypical measles puzzle

Autoimmune disease in mice lacking serum amyloid protein

Extracellular matrix proteins protect cancer cells

HAART, IL-2 and the eradication of HIV-1
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Latent Reservoirs of HIV: Obstacles
to the Eradication of Virus

Tae-Wook Chun and Anthony S. Fauci




The Resting CD4™
T Cell Reservoir of
HIV in Viremic
Versus Aviremic
Individuals




Morphology of Resting CD4" T Cells
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Resting CD4* T Cell Reservoir for HIV in Viremic

versus Aviremic Individuals is Phenotypically Identical
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Levels of Cell-Free HIV Virions Released by Latently
Infected, Resting CD4* T Cells from Viremic and Aviremic
Patients
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DNA Microarray Analysis of Resting CD4* T Cells
from Aviremic and Viremic HIV-Infected Patients

Isolation of RNA from resting CD4* T cells

Synthesis and hybridization of cRNA onto Affymetrix
Human Genome U95A Oligonucleotide Array (12,600 genes)

Analysis of data using Significant Analysis of
Microarrays algorithm

Output of data using descriptive categories of genes
using literature-mining algorithm




NA Microarray Analysis of Resting CD4* T Cells
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Oonors

Transcription Regulators (p=0.0004)

L
)
e )
(/)]
=
(&)
Te) RNA Processing/Modificatiqn (p=0.0000005)
il
(/)]
=
&)
3-acti Protein Trafficking/Vesicle Transport (p=0.00002)
- p-acti :
- GAPDH
A BCD|1613181523110 9 2 6 7
HIV- Aviremic Viremic i
negative patient patient [ ———

donors



Conclusions

B There is a fundamental difference in the resting CD4*
T cell reservoir in viremic versus aviremic patients.
In the former, true latency likely does not exist as
cells are continually poised to express virus. In the
latter, much greater stability exists and this may
represent a truly latent reservoir of virus.

B Active viral replication, as manifested by detectable
plasma viremia, has a significant impact on the
physiologic state of resting CD4* T cells in infected
viremic patients, and in turn, allows release of cell-
free HIV-1 without exogenous activation stimuli.



Impact of Viral Replication and Viremia
on Lymphocyte Subsets in HIV-Infected
Individuals
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Previous Findings Indicate That HIV-Mediated
Hyper-Activation Induces Terminal
Differentiation of B Cells

M Loss of CD21 expression

B Reduced proliferation

B Increased immunoglobulin secretion
o] Changes in morphology
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Determination of B Cell
Gene Expression in
Viremic versus
Aviremic HIV-Infected
versus HIV-Negative
Individuals




DNA Microarray Analysis: Genes Upregulated
in B Cells of HIV-Viremic Patients

B Major categories of genes upregulated:
— Interferon-stimulated genes
— Genes associated with B cell terminal differentiation

H IV_ Ne gatl ve H IV'A‘" remic H lV’Vl remic Accession no. Gene description Category
] NM_006820 histocompatibility 28
NM_005532 interferan, alpha-inducible protein 27 (IF127) 1SG
NM_006417 interferon-induced protein 44 (IF144) ISG
MNM_005101 interferon-stimulated protein, 15 kDa {15G15) 15G
NM_003490 synapsin Il (SYN3), transcript variant llla D
NM_002462 myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 ISG
XM_037670 immunoglobulin lambda-like mRANA (F lambda 1 clone) TD
NM_001915 cytochrome b-561 (CYB561) TD
NM_001192 tumor necrosis factor receptor superfamily, member 17 (TNFRSF17) BCMA TD
NM_001549 interferon-induced protein with tetratricopeptide repeats 4 (IFIT4) ISG
interferon-inducible protein 9-27 ISG
NM_004646 congenital, Finnish type (nephrin) (NPHS1)
DNA sequence of the human immunoglobulin O segment TD
NM_032470 tenascin XB (TNXB), transcript variant XB-S TD
NM_130786 alpha-1-B glycoprotein (A1BG) D
NM_004733 acetyl-Coenzyme A transporter (ACATN)
NM_000381 midline 1 (Opitz/BBB syndrome) (MID1), transcript variant 1
NM_002534 2'5"oligoadenylate synthetase 1 (40-46 kD) (OAS1), transcript variant E186, 15G
NM_000043 tumor necrosis factor receftor supen‘amilg. member & (TNFRSFE; CD85) ISG
NM_006332 interferon, gamma-inducible protein 30 (IF130) ISG
XM_010879 retinol dehydrogenase mRNA
MNM_001825 creatine kinase, mitochondrial 2 (sarcomeric) (CKMT2)
NM_001775 CD38 antigen (p45) (CD38) TD
NM_000319 peroxisome receptor 1 (PXR1)
NM_006010 arginine-rich, mutated in early stage tumors (ARMET) TD
NM_004925 aquaporin 3 (AQP3) D
NM_007315 signal transducer and activator of transcription 1, 91kD (STAT1) 1SG
NM_005512 glycoprotein A repetitions predominant (GARP)
NM_005620 5100 calcium binding protein A11 (calgizzarin) (S100A11) TD
NM_015907 leucine aminopeptidase 3 (LAP3)
NM_000632 CD11b D
NM_022873 interferon, alpha-inducible protein (clone IFI-6-16) (G1P3), transcript variant 3 1SG
NM_001034 ribenuclectide reductase M2 polypeptide
NM_004848 basement membrane-induced gene (ICB-1) el
NM_001504 G protein-coupled receptor 9 (GPRY) CXCR3 TD
NM_004039 annexin A2 (ANXAZ); receptor for tenascin C ISG
NM_007107 signal sequence receptor, gamma (translocon-associated protein gamma) TD
NM_004032 D-aspartate oxidase
NM_016594 FK506 binding protein 11 D
NM_005533 Similar to interferon-induced protein 35 1SG
NM_002201 interferon stimulated gene (20kD) (1SG20) ISG
NM_016459 proapoptotic caspase adaptor protein (FLJ32987) TD




Microarray Sub-analysis: Genes of Cell Surface
Receptors Associated with Interferon Induction
and B Cell Terminal Differentiation
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Increased Susceptibility of B Cells of HIV-
Viremic Patients to Fas-Mediated Apoptosis
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Direct Correlation Between Level of Fas Expression
on B Cells and Susceptibility of B Cells to Fas-Mediated

Apoptosis
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Direct Correlation Between HIV Plasma Viremia and
Susceptibility of B Cells to Fas-Mediated Apoptosis
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Summary

B A large number (~42) of B cell genes are
upregulated in HIV-viremic vs HIV-aviremic and
HIV-negative individuals; 75% are interferon-
stimulated or associated with B cell terminal

differentiation.

B Changes in expression of TNFSF receptors such
as CD95 (Fas) are associated with increased B

cell death by apoptosis.



Impact of Viral Replication and Viremia
on Lymphocyte Subsets in HIV-Infected
Individuals

CD4+ T Cell
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Function of NK Cells

Normal ""Self” Cell Abnormal or “Non-Self”’ Cell

- virally infected
- tumor transformed
- allogeneic (transplant)



2 Major Types of NK Cell
Receptors

B Activating

B Inhibitory (Dominant)



NK Cell Activating Receptors

NK Cell Natural
Cytotoxicity Receptors

‘ PVR Nectin-2

Ligands A MICA/B ULBPs CD48 (CD155) (CD112)

Receptors NKp46 NKp30 NKp44 NKG2D 2B4 NTB-A DNAM-1 NKp80

(Signaling () (@) (DAP12) (DAP10) (LAT)
polypeptides)



NK Cell Inhibitory Receptors
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NK Cell Function

NK Cell Target Cell
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NK Cell Function
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Proceedings of the National Academy of Sciences of the United States of America December 9, 2003

\ Natural Killer Cells in HIV-1 Infection: |
Dichotomous Effects of Viremia on |
Inhibitory and Activating Receptors |
and Their Functional Correlates

Domenico Mavilio et al

B HIV viremic patients manifest:

— Decrease in activating
receptors (NCRs)

— Normal or increase in
inhibitory receptors



Enrichment of CD56°/CD16T NK Cells
in HIV-1 Viremic Patients
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The CD56-/CD16* NK Cell Subset is
Enriched in HIV-Viremic Patients
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Inhibitory NK Receptors are Either
Conserved or Increased in CD56 NK
Cells of HIV-Viremic Patients
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Activating NK Receptors are Decreased
in CD56 NK Cells of HIV-Viremic
Patients
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Effect of HIV Viremia on CD56-
NK Cells

B Decreased production of perforin and
granzyme

B Decreased secretion of TNF-a and
interferon-y



NK Cells from HIV Viremic Individuals Express
Fas on their Surface at a Significantly Higher
Level than do NK Cells from Normal and HIV-
Aviremic Individuals
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NK Cells from HIV-Viremic Individuals
Undergo Increased Apoptosis upon
Exposure to sFasL in vitro
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Effect of HIV Viremia on NK Cell
Phenotype and Function

B HIV-viremic patients manifest a dichotomy of expression
of NK cell receptors: inhibitory receptors are maintained or
increased while activating receptors are decreased.

B This dichotomy is reflected in decreased cytotoxic function
as well as a decrease in production of perforin and granzyme
and a decrease in secretion of TNF-a and IFN-y.

B Viremia is associated with an enrichment of CD56—/CD16+
subset of NK cells. The defects in receptor phenotype and
function are concentrated within this abnormal subset.

B NK cells from viremic patients express increased levels of
Fas on their surface and the CD564im/CD16+ subset
responds to sFasL with increased apoptosis.



Direct Effects of
HIV Envelope on
Immune Cell

Function




Role of HIV Envelope in the Induction of
Aberrant Signal Transduction

HIV envelope

Y

phosphorylated
substrates

(P Lok

Zap 70
Pyk2
FAK
CCR5

\

~300 genes
modulated by ENV

NFAT

/

Increased Viral Replication

Ca++ channel

intracellular
calcium
elevation



The Role of NFAT in HIV Life Cycle
T cell ﬁ
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NFAT Activation through HIV Envelope
Requires Coordinate Signaling through
CD4 and Coreceptor

_ Activated
NFAT




Categories of Genes Differentially
Modulated by R5 vs X4 Envelopes
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Conclusions

B HIV envelope modulates PBMC gene expression that
Is associated with virus replication and the secretion
of cytokines involved in immune activation.

B This induction of gene expression requires coordinate
signaling through CD4 and the respective co-receptor.

B Envelopes derived from X4 versus R5 viruses can
differentially induce the expression of genes associated
with transcription factors, cell cycle, and protein
modification.

B Thus, HIV envelope-induced cell signaling may play an
important role in the propagation of virus replication
and the state of aberrant immune activation.
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